Outcome of orbital decompression for disfiguring proptosis in patients with Graves' orbitopathy using various surgical procedures 
Outcome of orbital decompression for disfiguring proptosis in patients with Graves' orbitopathy using various surgical procedures Method: Data forms and questionnaires from consecutive, euthyroid patients with inactive GO who had undergone orbital decompression for disfiguring proptosis in 11 European centres were analysed.
Results: Eighteen different (combinations of) approaches were used, the swinging eyelid approach being the most popular followed by the coronal and transconjunctival approaches. The average proptosis reduction for all decompressions was 5.0 (SD 2.1) mm. After three-wall decompression the proptosis reduction was significantly greater than after two-wall decompression. Additional fat removal resulted in greater proptosis reduction.
Complications were rare, the most frequent being worsening of motility, occurring more frequently after coronal decompression. The average change in quality of life (QOL) in the appearance arm of the GO-QOL questionnaire was 20.5 (SD 24.8) points. Conclusions: In Europe, a wide range of surgical approaches is used to reduce disfiguring proptosis in patients with GO. The extent of proptosis reduction depends on the number of walls removed and whether or not fat is removed. Serious complications are infrequent. Worsening of ocular motility is still a major complication, but was rare in this series after the swinging eyelid approach.
Orbital decompression surgery is a well established procedure performed worldwide to restore visual function in patients with dysthyroid optic neuropathy (DON), 1 to rehabilitate patients with disfiguring exophthalmos due to Graves' orbitopathy (GO), and to cure and prevent corneal ulceration in GO with lagophthalmos and increased lid aperture. 2 3 It is also done in GO patients with persistent retrobulbar pain. 4 Decompression is achieved by removing orbital bone, fat or a combination of these. Several approaches for bony wall removal are in use, with ongoing debate as to which approach is the most desirable. 5 Comparison of different procedures in the past has been biased by inclusion of different indications (DON versus disfiguring proptosis), different stages of the disease (active versus inactive), evaluation at different intervals after surgery and by the fact that no commonly accepted system for the evaluation of motility impairment in GO had been used. 6 In this study, we attempted to eliminate these factors by evaluating prospectively and after a fixed interval outcomes of the various surgical procedures in inactive GO patients operated on for disfiguring proptosis. Our aim was to compare the outcome of different decompression procedures the way they are usually done in the centres tested.
PATIENTS AND METHODS
The study was carried out in 11 European centres, all belonging to the European Group on Graves' Orbitopathy (EUGOGO), during the period 1 January 2006 to 1 January 2007. Consecutive patients with GO were included prospectively: they were euthyroid and had stable GO with unchanged clinical activity scores 7 for at least 3 months and underwent orbital decompression solely for rehabilitative reasons. In each centre, all patients were seen by a multidisciplinary team consisting of an endocrinologist and an ophthalmologist. 8 Surgeons, ophthalmologists and orthoptists were asked to deliver specific pre-and postoperative data for analysis. No restrictions were made as to the kind of orbital decompression. Thus, shortly before or on the day of the operation a data form and a GO-quality of life (QOL) questionnaire were completed. (The GO-QOL is a validated instrument to measure QOL in patients with GO and consists of a visual function and an appearance score. Each score has a range of 0 to100, higher values meaning better quality of life. 9 ) Approximately 3 months later, and prior to any additional surgical or medical treatment except for lubricants, a follow-up data form and questionnaire were completed. The data thus collected were analysed in the Academic Medical Centre of Amsterdam. Very similar procedures were grouped and then compared.
Eyelid retraction was assessed with the patient in primary position. 10 Proptosis was measured using a Hertel exophthalmometer. 11 Different types of exophthalmometers were applied (eg Oculus (Oculus Optikgeräte GmbH, Wetzlar, Germany), Inami (Inami & Co., Tokyo, Japan)), but in each centre the same instrument was always used. A full orthoptic assessment was performed in each centre, including assessment of head tilt, squint angle if present, fusional amplitude, ocular ductions and the field of binocular single vision. Diplopia was considered present when the patient experienced double vision (in any gaze direction) that disappeared with one eye closed. Diplopia was rated using the Gorman score (no diplopia, intermittent diplopia, gaze-dependent diplopia, constant diplopia). 12 Visual acuity was measured using a pinhole and Snellen optotypes.
The techniques of the different surgical approaches mentioned in this paper have been described in detail previously.
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Statistical analysis
For data analysis the statistical program SPSS 14.0 was used. Independent sample t test was used for normally distributed data sets. Chi-square test was used for non-parametric statistical analysis. Significance was assumed if p(0.05. Multiple regression analysis was used to assess the independent influence of preoperative Hertel values on the proptosis reduction and any diplopia induced.
RESULTS
During the year 2006, 139 euthyroid patients (103 women, mean age 47.6 (range 16-75) years) with inactive GO underwent orbital decompression (248 orbits) for disfiguring proptosis. Eighteen different approaches or combinations of approaches were used (table 1) .
The most frequently performed procedures are shown and compared in table 2. The operations were performed by specialised ophthalmologists (eg orbitologists) (n = 9), by ear, nose and throat (ENT) specialists (n = 2), or by oro-maxillary surgeons (n = 2).
There was no clinically relevant change in visual acuity in any patient. The preoperative Hertel values for all patients included ranged from 17 to 35 mm. The average preoperative proptosis in the three-wall decompression groups (112 orbits, mean proptosis 25.7 (SD 3.0) mm) was significantly higher than in the twowall decompression groups (132 orbits, mean proptosis 23.8 (SD 2.7) mm) (p = 0.000).
The amount of proptosis reduction after various orbital decompressions is shown in table 3. The average proptosis reduction after three-wall decompression was significantly more than after two-wall decompression. Multiple linear regression analysis demonstrated that this difference was not caused by the difference of preoperative Hertel values alone ( fig. 1 ). In addition, comparing two-wall with three-wall decompression in subsets of patients with the same preoperative Hertel value distribution (eg between 23 and 26 mm), the proptosis reduction in the first subgroup was 4.6 (SD 1.0) mm and in the second 5.8 (SD 1.7) mm (p = 0.000). When proptosis reduction was compared between decompressions with and without fat removal per centre, for instance in centres A and K, where comparable numbers of patients underwent no fat or fat removal, a difference in favour of those with fat removal was found in all comparisons, but these differences did not reach statistical significance. However, comparing all three-wall decompressions with fat removal with those without fat excision, a significant difference was found (p = 0.05, table 3). Comparing three-wall swinging eyelid (¡ transcaruncular) with three-wall coronal and with three-wall translid and endoscopic decompressions, a significant difference of 
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proptosis reduction in favour of the coronal approach was found (table 3) . Comparing two-wall decompressions, the endoscopic approach resulted in a small but significantly lower proptosis reduction compared with swinging eyelid (p = 0.012) or transconjunctival/transcaruncular approaches (p = 0.007), but not compared with the translid approach (p = 0.213). The role of leaving or removing the maxillo-ethmoidal strut and/or the posterior lateral or medial wall could not be evaluated because of lack of data.
Overall there were few complications, but three-wall decompressions were associated with more complications than twowall decompressions. Significant postoperative eyelid swelling and chemosis lasting several weeks were reported after threeand two-wall swinging eyelid and after coronal approaches (table 2) . Maxillary sinus obstruction due to herniated fat was seen twice after three-wall swinging eyelid decompression. Hypoglobus and scar dissatisfaction were noted sporadically after swinging eyelid decompression. Temporal bossing was found in three patients and paralysis of the frontal muscle(s) lasting at least 3 months in another three patients after coronal decompression. A cerebrospinal fluid (CSF) leakage occurred in one patient after a coronal approach and in another one after a translid and endoscopic approach. In the coronal group, complications were more frequent and more serious.
In terms of changes of diplopia and Gorman score, both the three-and two-wall swinging eyelid decompression techniques compared favourably with the other approaches used. After three-wall swinging eyelid decompression, binocular single vision in all directions of gaze returned in five out of 25 patients, corresponding with an improvement of the Gorman score. In this subgroup only one patient reported a worsening of the Gorman score. In contrast, five out of 14 patients who underwent a coronal decompression showed de novo diplopia, whereas another two reported a worsening of the Gorman score. De novo diplopia was also seen in two out of 18 patients after transconjunctival/transcaruncular two-wall decompression and in two out of two patients after endoscopic two-wall decompression. Except for the swinging eyelid two-and three-wall decompression, improvements of diplopia were rarely seen (table 2) . To assess the influence of preoperative values on the origin of de novo diplopia, we compared the preoperative Hertel values in the subgroup of patients that developed de novo diplopia (n = 17, Hertel value 25.2 (SD 2.6)) with those who remained aligned (n = 122, Hertel value 24.8 (SD 3.1)). This difference was not significant (p = 0.57).
The average preoperative GO-QOL appearance score varied from 17.7 (SD 18.4) to 55.1 (SD 26.0). A few individuals had a lower score postoperatively, but most improved: the average change after surgery was +20.5 (SD 24.8) (table 2). Variations in the average change of the appearance score were between 17.4 and 39.9 points, except for the translid and endoscopic approach, in which the change was no more than 1.8 points. With this exception, no significant differences were seen. A decrease of the visual functioning score after orbital decompression was seen especially after the coronal approach, in which group de novo diplopia occurred most frequently.
No significant differences in hospitalisation times were found, except for one centre in which patients were admitted to the hospital several days before the operation to complete preoperative procedures.
DISCUSSION
To our knowledge, this is the first study in which various orbital decompression approaches for disfiguring proptosis in GO have been studied in a prospective manner and in which an attempt has been made to include subjective outcomes, eg outcomes as perceived by the patients. Orbital bony wall decompression has been performed since the1950s for patients with optic nerve compression, 17 but was not an accepted procedure for patients with disfiguring proptosis before the early 1990s. 18 Many approaches have since been described and this study shows that at present many of different approaches are in use. Evidence suggests that three-wall decompressions were chosen for patients with more extreme proptosis and two-wall for those with less proptosis. Furthermore, most surgeons involved in this study reported that the choice of their approach depended on personal training and experience and institutional Figure 1 Plotter diagram showing the relationship between preoperative Hertel values (x-axis) and proptosis reduction (yaxis) after three-and two-wall orbital decompressions. The oblique lines show the greater extent of proptosis reduction after three-wall decompression compared with two-wall. tradition, while some tailored the choice of their surgery to the specific conditions of their patient. In line with previous studies, our study confirms that the more walls are removed the more proptosis reduction can be achieved. It could be argued that this difference was found because those who underwent three-wall decompression were more proptosed initially. However, linear regression and t test analysis showed that a significant difference of proptosis reduction after three-and two-wall decompression was also present in subsets of patients with comparable preoperative Hertel values. While pure fat removal may still be a matter of dispute, fat removal in addition with bone removal increases the degree of proptosis reduction.
This study confirms previous reports stating that induction of diplopia is the most common complication. 5 10 19 Many theories have been proposed to explain the cause of this phenomenon (removal of the posterior medial wall, removal of the inferomedial strut, the displacement of the extraocular muscle paths), but no theory has been commonly accepted. It has been suggested that a balanced orbital decompression causes less diplopia than other techniques and recent studies show new onset or worsening of diplopia varying from 10% to 20%. 20 21 Comparison of induced diplopia rates after different orbital approaches is hampered by many factors: Which patients are included? How is motility measured? At what moment is the outcome assessed? Which criteria for diplopia and which definition of improvement or worsening are used? In this study we used two tools to assess diplopia: patients were asked to score diplopia using the Gorman score. In addition, the orthoptist and ophthalmologist determined whether or not there was diplopia in any direction of gaze. The complete orthoptic evaluation differed slightly between centres, making it difficult to draw accurate conclusions on the preoperative motility and whether it differed significantly between the surgical groups. However, there can be no doubt about the final conclusion given the simple definition of diplopia we used: diplopia yes or no. With these criteria, there seems to be a tendency for the swinging eyelid approaches to be associated with less induced diplopia and even reduction of diplopia. In the group of three-wall swinging eyelid decompression, the incidence of diplopia decreased and the Gorman score improved. We can only speculate what would be the reason for this finding. The coronal approach differs from other approaches, because only in this approach is the trochlea detached. However, we would expect detachment of the trochlea to cause vertical tropias, whereas convergent squint with reduced abduction is what is usually seen. Coronal decompression in this series was applied in patients with more extreme proptosis and a higher rate of preoperative diplopia. However, corrected for preoperative Hertel values, the difference in de novo diplopia after coronal decompression remained significantly higher than after swinging eyelid procedures (coronal 5/14; swinging eyelid + transcaruncular 0/25, p = 0.003). In the absence of a generally accepted policy for evaluating motility changes and consequent diplopia, it is not yet possible to elucidate the aetiology of induced diplopia and guide patient counselling regarding this important complication.
In this study, the subjective response to treatment was measured using Terwee's GO-QOL, a validated disease specific questionnaire to assess changes in visual function and changes in appearance. 9 As our patients were operated on for disfiguring proptosis only, we expected the greatest changes to occur in the appearance score, which was indeed the case (table 2) . For large interventions such as orbital decompression, the ''Minimal Clinically Important Difference'' (MCID) has been calculated as 10 points. 22 An increase of at least 10 points in the appearance score was found after all but one approach. The results are grossly comparable to previous measurements, 22 but surprising variations were found. In spite of the relatively high incidence of induced diplopia and other complications, the coronal approach scored most highly. Nevertheless, the coronal approach seems less attractive because of its side effects and possible longer hospitalisation time. The three-wall translid and endoscopic approach from one centre scored extremely low on the GO-QOL score. The local ophthalmologists and endocrinologists have interpreted this as reflecting the fact that (persistent) squint had been associated by their patients not only with functional, but also with aesthetic deficits.
Most centres prefered their patients to stay in the hospital for 3 to 5 days. In one centre patients were hospitalised several days prior to their surgery for their preoperative work-up. This partly explains the relative long stay in that hospital.
We chose to evaluate our results 3 months after surgery because most complications become apparent within the first months after surgery. Moreover, we considered it medically unacceptable to postpone strabismus surgery in patients with stable diplopia or lid-lengthening in patients with significant lid retraction for longer than 3 months. Once these operations are performed, the exclusive effects of orbital decompression are no longer assessable. We realise, however, that complications such as sinus obstruction do occur and diplopia might still improve after more than 3 months postoperatively. For these reasons, our results are only valid within the limitations we chose.
In conclusion, different approaches for orbital decompression in patients with GO with disfiguring proptosis resulted in proptosis regression varying from 5.6 to 6.5 mm after three-wall decompression and of 3.2 to 4.8 mm after two-wall decompression (table 2) . Except for diplopia, side effects were rare for all approaches tested. With regard to changes of eye motility, both the three-and two-wall swinging eyelid decompression techniques compared favourably with the other approaches used.
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